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ABSTRACT 
 
Rebecca L. Dubas: Comparison of concussion sideline screening measures across 
exertion levels within simulated games 
(Under the direction of Johna Register-Mihalik) 
 
 Currently, there is no gold standard to guide clinicians on what exerted or game-
like state to baseline test athletes, with testing occurring before, during, or after exercise. 
Physically active participants (n=36) between the ages of 18-28 who regularly participate 
in basketball activity completed two simulated basketball games, completing the SCAT-3 
before game play, during half-time, and at completion of the simulated game. Exertion 
level affected overall symptoms and their reported severity. Tandem gait scores improved 
over time. Tandem gait was a reliable outcome across fatigue levels while symptoms 
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CHAPTER I 
INTRODUCTION 
Sport-related concussions remain at the forefront of sports medicine research and 
clinical decision-making. As such, concussion researchers and specialists have often 
come together to continuously adapt concussion management tools and protocols. Most 
recently the International Conference on Concussion in Sport provided an updated 
definition of a sport-related concussion: is a traumatic brain injury induced by 
biomechanical forces.1 This year they have included common features of sports related 
concussion to know: a direct blow to the body where the force can be transmitted to the 
head, rapid onset of short-lived neurological function that may resolve spontaneously or 
evolve within minutes to hours, large functional change is observed with no impairments 
visualized on standard imaging, clinical symptoms that may or may not include loss of 
consciousness and resolve typically in a sequential course, and when signs and symptoms 
cannot be explained by drug, alcohol or medication use, or other injury.1  
 The formulation of a more accepted definition of concussion has helped lead to a 
more defined process of concussion diagnosis. In most sporting situations, athletic 
trainers act in the first line of assessment following a sport-related concussion. Therefore, 
appropriate sideline tools to diagnose and manage traumatic brain injury are necessary for 
athletic trainers’, in order to effectively triage the injury, assess injury severity and 
provide referrals if necessary.  
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When a concussion occurs, a person may suffer from a variety of signs and 
symptoms. In addition to those signs and symptoms, the effect of a concussion can be in 
the form of cognitive impairment and balance deficits. Symptoms often associated with 
concussion include: headache, fatigue, sensitivity to light and/or noise, nausea, trouble 
sleeping, etc.2  Cognitive impairments can be observed when the athlete shows signs of 
difficulty processing information, or orienting his or herself to the present time. Balance 
deficits can immediately be observed with how the athlete holds their body upright and 
when they walk, but also when assessing their single-leg balance.  When assessing an  
athlete for sports-related concussion, the assessment must involve objectifying the 
amount and severity of symptoms, cognitive impairment and balance deficits. Today, 
there are a number of assessment tools, which target sport-related concussion that are 
validated for use on the sidelines, specifically the SCAT-3.  
The SCAT-3 is a widely utilized sideline assessment tool by athletic trainers and 
has high clinical utility as it assesses symptom, cognitive, and postural domains. Each 
athlete is recommended to complete the SCAT-3 under a pre-injury (baseline) condition 
prior to the start of game competition.2,3 Currently, the only guideline on the 
administration of a SCAT-3 baseline is that data should be collected on a yearly basis, 
especially in those involved in contact sports with higher risk of injury.2,4-6   
Anecdotally, athletic trainers are often responsible for completing baseline 
concussion assessments on a large number of athletes in short periods of time. This often 
results in baseline data collection occurring during lulls in practice, or following a work 
out or practice, when athletes are fatigued to varying degrees. Fatigue has been shown to 
	  
3  	  
cause concussion-like symptoms, cognitive dysfunction, and balance deficits, which are 
all assessed by the SCAT-3.7  
Currently, there is no gold standard to guide clinicians on what exerted or game-
like state athletes should be in during baseline concussion assessment administration, so 
testing may occur before, during, or after exercise. As athletic trainers may assess an 
athlete at baseline or post-injury following varying levels of activity, understanding the 
psychometric properties of the SCAT-3 under different conditions of fatigue must be 
measured to ensure its appropriateness during a sideline concussion assessment. 
Completing multiple assessments of the SCAT-3 immediately after varying bouts of 
activity is an important step in ensuring that the tools used today are sensitive to 
concussion. By completing these sessions we can ensure that the extraneous factors, such 
as fatigue, are reliable over time, creating the highest level of athlete safety by ensuring 
proper diagnosis and management decisions are made. Therefore, the primary purpose of 
this study is to assess the effect of varying game-like fatigue states on SCAT-3 outcomes.  
The secondary purpose of this study is to assess the reliability of the SCAT 3 under 
varying game-like fatigue states.  
 
Research Questions 
Research Question 1: Is self-perceived exertion level associated with a change in SCAT-3 
sub-test scores from baseline at half-time and completion of a 40-minute simulated 
basketball game?  
a. Symptom Total Severity Score 
b. Balance Error Scoring System Total Error Score 
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c. Tandem Gait 
d. SAC Total Score    
 
Research Question 2: What is the test-retest reliability of the SCAT-3 sub-test scores 
under levels of self-perceived exertion measured at baseline, half-time, and completion of 
a 40-minute simulated basketball game? 
2A: What is the test-retest reliability of the SCAT-3 subscores at different levels of 
self-perceived exertion across two test sessions (baseline vs. baseline, half-time 
vs. half-time, and end of competition vs. end-of-competition)? 
2B: What is the test-retest reliability of the SCAT-3 subscores across different levels of 
self-perceived exertion (baseline vs. half-time; half-time vs. end of competition; 
baseline vs. end-of-competition)? 
a. Symptom Total Severity Score 
b. Balance Error Scoring System Total Error Score 
c. Tandem Gait 
d. SAC Total Score    
Research Hypotheses 
Research Hypothesis 1: Higher perceived exertion scores at half-time and end of 
competition will be associated negative (worse) SCAT-3 scores (symptom total, SAC, 
BESS, tandem gait). As a person’s level of perceived exertion increases, there will be an 
effect that increases the scores for symptoms and the BESS, and decreases the SAC total 
score. There will be a difference between half-time and end of competition scores due to 
the increased amount of physical activity the participant has completed by the completion 
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of 40-minute game, compared to the 20-minutes completed at the half-time 
measurement.   
 
Research Hypothesis 2: There will be a difference in reliability of SCAT-3 sub-test 
scores between baseline, half-time and end of competition measurements in 
recreationally active collegiate aged athletes. The reliability across baseline assessments 
will be higher when compared to half-time and end of competition. Different levels of 
self-perceived exertion will be associated with a change in subtest scores. As rate of self-
perceived exertion increases scores will have a negative association (worsen).  
 
Clinical Significance 
 There are currently guidelines in place for concussion assessment tools, such as 
the SCAT-3. Baseline assessments should be obtained on each athlete, prior to the start of 
a sports season, and is used as a landmark and standard for further tests.8 These 
assessment tools will be used throughout concussion diagnosis and management.9 For 
example, after a potential concussion occurs, a clinician will re-assess the athlete and 
compare their clinical scores to their baseline assessment. When an athlete returns to their 
baseline assessment, and appropriate return to play progressions have been implemented 
while remaining symptom free, the athlete can be returned to athletic activity. While 
these guidelines are set, there is not yet a standard for when the baseline should be 
administered. It is not yet fully understood how varying levels of game-like exertion 
affect the outcome of the SCAT-3 assessment.  
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This study will address the differences in SCAT-3 outcomes after different levels 
of perceived exertion, as well as the test-retest reliability of the SCAT-3 under those 
varying levels of perceived exertion If there is a difference in SCAT-3 outcomes when 
compared to baseline assessment, clinicians can further understand how these commonly 
used clinical metrics are affected by exercise and the timing of baseline assessment 
administration could change to correct for the effects of exercise.  
Clinicians should use the most reliable tools in their daily practice. If the tests are 
not reliable across the assessment points, this may also be a reflection of when testing 
should occur as well as the overall reliability of the measures. This study will observe the 
reliability of the SCAT-3 and full BESS to conclude the best and most reliable situation 













 Concussion is currently the most prevalent traumatic brain injury to occur in 
sport.10 Concussions account for about 5.8% of injuries in collegiate athletes and 8.9% of 
injuries in high school athletes.11 In a two-year period from 2011-2012, 3.42 million 
Emergency Room visits were for a sport-related traumatic brain injury, a 57% increase 
from an eight-year period from 2001 to 2009.12 Approximately 70% of these injuries seen 
in the emergency department were seen in patients aged 0-19.12 The greatest percentage 
of concussions seen in the ED resulted from bicycling, football and basketball 
mechanisms.12  
With increasing hospital visits related to traumatic brain injuries, creating more 
standardized and detailed concussion assessment tools has become a necessity. Currently, 
most clinical concussion assessment tools recommend a baseline assessment to aid in the 
diagnostic process in the event of a potential injury. However, diagnosing concussions 
still present an issue during assessment, due to the extrinsic factors that relate to 
concussion and subsequent symptoms. Broadly, concussion assessments look at a 
person’s symptoms, orientation, concentration, coordination, memory and balance. 
Extrinsic factors that could affect a concussion assessment can include, but are not 
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limited to, the sport environment, weather conditions, type of activity and duration of 
activity. Exercise types, both anaerobic and aerobic, may cause a myriad of symptoms 
and objective deficits that could present similarly to those who may have sustained a 
concussion. Research has proven these side effects of fatigue exist; however, it is not yet 
fully understood how the symptoms and objective deficits created by fatigue affect 
concussion sideline assessments.  
 Currently, there is no recommended time, in relation to physical activity, to 
administer the baseline concussion assessments and, therefore, the administration of 
baseline assessments in relation to the participant’s perceived exertion often varies. Some 
clinicians may administer assessments in a completely rested state, while others may 
administer tests during breaks or following practices, in which the athlete is subjected to 
some level of exertion. If fatigue does influence concussion sideline assessments, it is 
necessary to understand the effect of varying levels of fatigue on these assessments. 
Concussion assessments that are affected by physical exertion can cause the reliability of 
the exam to be negatively affected. Testing the assessments at rest and two different 
levels of perceived exertion can help to better understand the reliability from baseline and 
within the different states. This information can help create best practice guidelines for 
when baseline assessments should be conducted in relation to perceived exertion levels.   
Concussion  
In the world of athletics, sport concussion has become a prevalent topic. Several 
different definitions of concussion have been debated over the last several years. A broad 
definition that has been commonly used in the medical community is a “a brain injury 
that has a complex pathophysiological process affecting the brain, induced by 
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biomechanical factors.” 13 In order to help standardize a more modern definition of 
concussion, as well as the assessment, treatment, and management of the injury, the 
International Conference on Concussion in Sport Group (ICCSG) brought together the 
top concussion researchers to form best practice guidelines for concussion. The ICCSG 
defined a sport-related concussion as a traumatic brain injury induced by biomechanical 
forces.51 The National Athletic Trainer’s Association (NATA) reports that concussions 
occur from direct or indirect force to the skull causing the brain to accelerate or 
decelerate, which causes metabolic changes and are partnered with clinical symptoms.2 
Concussions typically result in the rapid onset of short-term impairment of neurological 
function that resolves spontaneously; however, some concussions may result in signs and 
symptoms that can evolve over a number of minutes to hours.13 Concussions may result 
in neuropathological changes; however, the acute symptoms largely reflect functional 
versus structural changes. As such, concussions rarely result in abnormalities that can be 
seen on standard neuroimaging. However, as technology advances, new neuroimaging 
techniques, such as functional MRIs and DTI, may be able to detect abnormalities 
following concussion, although the clinical utility of these assessments remains 
unknown.13  
Concussion Assessment  
 
 Athletic trainers are often the first line of assessment of sport-related concussion. 
Several resources, including position statements from the ICCSG and NATA, have 
recently provided athletic trainers with the tools to formulate an appropriate concussion 
protocol for their practice.2,13 Through the formation of interdisciplinary committees and 
conferences, it has been shown that athletic trainers and those in a typical medical field 
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tend to use similar tests for concussion diagnosis despite the lack of a “gold standard”. 
These tests are suggested to be completed annually as a baseline, which can serve as a 
comparison point when a concussion evaluation is warranted.2 Due to the lack of 
definitive biomarkers and neuroimaging tools, concussion firmly remains a clinical 
diagnosis based on a combination of symptoms (somatic, cognitive, and 
neurobehavioral), physical signs, impairment of cognitive function, and postural 
control.14  
Concussion Management on the Sideline 
 The battery of tests used to evaluate concussions include neurocognitive 
functioning, postural control, and self-reported symptoms.2 In most cases of sport-related 
concussion, the sideline assessment tools serve as a triage to help determine if an injury 
exists, and if the injury could be a serious or potentially catastrophic condition.3 The 
ICCSG recommended and developed the Sport Concussion Assessment Tool (SCAT), 
with help from experts in the field, as a way to assess and help diagnose concussions on 
the sideline of a sporting event. 2,4  
 Literature supports the value of standardized assessments that aid the clinician in 
the diagnosis and management of a concussion on the sport sideline.8 The sideline 
concussion assessment should include a series of questions that help to address the 
presence or absence of a variety of concussion-related symptoms, and the severity of any 
present symptoms.3 The goal of the creation of the original SCAT was to standardize the 
assessment of sport concussion internationally.14   
SCAT-3 
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One of the most commonly used tests to assess concussions currently is the 
Sideline Concussion Assessment Tool-3 (SCAT-3), an updated version of the original 
SCAT created by the ICCSG. The SCAT-3 is advantageous because it is low cost, 
requires little equipment, can to be used on the sidelines of a game, and assesses 
symptoms, cognition, and balance domains.  
The SCAT has evolved through two revised editions to today’s edition, the 
SCAT-3. The SCAT-3 no longer combines the scoring of the individual sections as one 
overall score, which was originally configured this way to help medical practitioners 
evaluate concussion in greater detail.14 The major changes made from the SCAT-2 to the 
SCAT-3 include, the addition of the foam surface in the Balance Error Scoring System or 
the tandem gait, if the foam surface is not available, and changing the scoring so that each 
section has their own score that stands alone.14 The SCAT-3 also includes the assessment 
of physical signs, which are post-injury observations made by clinicians such as loss of 
consciousness, balance or motor incoordination, disorientation or confusion, loss of 
memory and overall appearance.  
 The SCAT-3 aims to test level of consciousness, orientation, physical signs, 
symptoms, and coordination while on the sideline of a sporting event.2,14 The SCAT-3 
utilizes objective information alongside subjective reporting to gather information about 
the potential injury. More specifically, the SCAT-3 includes the Glasgow Coma Scale 
(GCS), the Standardized Assessment of Concussion, the Balance Error Scoring System 
and assessments to evaluate the domains of orientation, balance/postural control, physical 
signs, concussive symptoms, and coordination. The baseline data from the SCAT-3 can 
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be used to objectively identify post-injury change that will support the decision derived 
from the clinical exam.2,14  
The inclusion of the symptom checklist in the SCAT-3 has increased the 
awareness of symptoms, which may be associated with concussions for clinicians 
administering these assessments. However, these symptoms may be similar to those 
elicited by exercise intensity level, type of activity, fatigue, dehydration, body 
temperature or many other factors that can affect body responses.  Furthermore, we do 
not yet fully understand how intensity level and/or type of exercise can influence the 
outcomes of sideline concussion assessments in those without a concussion. Even in the 
absence of an impact to the head or torso, recent guidelines have suggested that any 
symptom, which may be related to a concussion, is sufficient enough to withhold an 
athlete from returning to play.2,4 Today, there are many more resources to aid clinicians in 
the diagnosis of a concussion. Concussion assessment has developed into an easy to use 
sideline assessment tool for athletic trainers, which is also time efficient.   
 The GCS, orientation, and physical signs sections are not usually assessed under 
baseline conditions. These areas do not need to be assessed because they pertain 
specifically to the state of an injured person. If the injured subject is able to clearly speak 
to the clinician and perform the tasks asked of them in the other portions of the SCAT-3, 
he/she is automatically determined to be conscious, alert, and responsive. These 
measurements are important tools for the triage and initial assessment of a sport-related 
concussion as they help to rule out more serious or catastrophic injury. The GCS 
evaluates a person’s level of consciousness and is graded on a 15 point scale, where 15 is 
fully alert on all levels. A mild traumatic brain injury, such as a concussion, rarely causes 
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a score to be less than 14 points.14 After assessing the level of consciousness using the 
GCS, a person’s level of orientation is tested using the Maddocks questions. These 
questions were designed to test orientation of the injured individual by specifically testing 
their ability to recall recently acquired events. While more traditional orientation 
questions included in concussion assessment focus on the ability to correctly identify the 
time, location, and their person,2,15 Maddocks questions include information regarding 
their current location and information about their sporting event. The Maddocks 
questions have been proven to be more sensitive than standard orientation questions and 
can give important information at the time of the injury.14   
Self-reported Symptoms 
 The first section of the baseline assessment of SCAT-3 is the self-reported 
symptom evaluation. The list includes 22 symptoms commonly seen after concussion, 
using a seven-point Likert scale (0= not present, 1=mild to 6=severe) for participants to 
rate both the presence and severity of symptoms.16,17 Self-reported concussion symptoms 
are the most commonly used tool for concussion assessment employed by athletic trainers 
due to its ease of use and practicality during baseline and sideline assessments.16,18 The 
reliability of self-reported symptom scale is .88-.94 based on the SCAT-2 symptom 
report, which is identical to the symptom checklist used in the SCAT-3.14 More generally, 
symptom checklists are known to have high sensitivity and specificity, with the SCAT-3 
symptom checklist reporting a sensitivity of 89% and specificity of 100%.19  
Standardized Assessment of Concussion 
The cognitive and physical exam portion of the SCAT-3 begins with the 
Standardized Assessment of Concussion (SAC). The SAC is a quick, reliable, and 
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objective measurement to help assess an athlete’s mental status and cognitive functioning 
on the sport sideline, within minutes of having sustained a concussion.3,8,14 The 
psychometric properties of SAC have been reported at a reliability of .42-.71, sensitivity 
of .80-.94, and specificity .76-.91, using a decline of 2-4 points at time of injury 
compared to baseline performance.14 This data assures clinicians that the tool they are 
using is examining the components of a concussion appropriately to diagnose a true 
injury and rule-out those who do not have a concussion. The SAC is validated as a 
standalone measure and is the recommended sideline concussion assessment tool for 
cognition when comprehensive neurocognitive testing is not available or feasible.2  
The SAC includes four sections that evaluate orientation, immediate memory, 
concentration and delayed recall. The first section is orientation, which requires the 
athlete to remember the month, date, day of the week, year and time of evaluation. 
Immediate memory is tested by repeating a list of five words that has been read to them 
out loud, three times. Concentration is tested in two sections, first, by repeating a list of 
numbers in the reverse order. Participants are then asked to list the months of the year in 
reverse order. Finally, the delayed recall portion is assessed after the balance and 
coordination exams are completed. A subject’s delayed recall is assessed by recalling as 
many of the five words listed in the immediate memory section as possible.  
Postural Control and Coordination  
Coordination is another assessment tool included in the SCAT-3 that is easy for 
clinicians to use. A commonly used coordination test is the finger to nose test which 
observes coordination and the ability to follow instructions.14 This is an important step to 
incorporate as it works at not only assessing coordination, but a person’s ability to follow 
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instructions.14 This allows the clinician to understand and evaluate different levels of 
cognitive awareness.  
The postural control examination can be measured by two assessments, the BESS 
test and/or the tandem gait test. Postural control measures have been shown to be 
sensitive to concussion, specifically when utilized within the first three days post-injury.14 
A meta-analysis by Broglio et al16 has shown that postural control measures can also 
show large effects post-injury and during the 14 days following the initial incident. This 
provides clinicians with additional information that may help them better understand the 
injury. 16,20 
The tandem gait test is performed by having the patient walk back and forth on a 
3-meter taped line. Participants walk in a heel-to-toe fashion down the line, turn around, 
and walk heel-to-toe fashion back to the starting point. According to test guidelines, the 
tandem-gait task should be successfully completed in 14 seconds or less. The outcome 
measure for the tandem gait test is fastest time (in seconds) from 4 trials. The trial is 
considered a fail if the athlete steps off the line. Schneider et al.21 tested tandem gait after 
moderate and high intensity exercises. This study found that the effects on performance 
were diminished after 15 minutes of passive rest following activity, returning scores back 
to baseline assessment value.  
The Balance Error Scoring System (BESS) is a balance examination test that has 
been designed for clinician use in the assessment of sport-related concussions. Following 
a concussion up to 77% of athletes complain of balance deficits or dizziness following 
concussion.22 In concussed individuals only 40% complain solely of “poor balance”, 
which may be a better representation of the incidence of balance deficits following 
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concussion.23 Dizziness has been linked to visual, not postural control, deficits.24 BESS 
testing has a sensitivity of 34% and specificity of 91%.19 Though the sensitivity is low, 
we are able to understand the role of visual disturbances in those who do not complain of 
balance problems.  Other clinical tests should be used to accompany the decision of 
diagnosis. Also, when comparing the BESS to other balance measures like the Rhomberg 
test, the Clinical Test of Sensory Organization and Balance, and the Sensory 
Organization Test, the BESS proved to be highly reliable and was suggested as the 
balance assessment tool to use in concussion evaluation.25 7The BESS has also been 
proven to be influenced by fatigue. It takes up to 20 minutes to recover to baseline BESS 
scores following exertion.26 
BESS measures participants’ postural control during three stances: a double-leg 
stance, single-leg stance on their non-dominant leg, and tandem stance. All three stances 
are tested on both a firm and foam surface.27 Each BESS condition is measured for 20 
seconds, during which the test administrator documents observed errors. These errors are 
accessory movements of the body that display the inability to maintain postural control.   
Older versions of the SCAT recommended that both firm and foam surfaces 
should be tested at baseline. However, the SCAT-2, and consequently the SCAT-3, have 
suggested using a modified BESS, which only uses the firm surface for sideline 
assessments.14 More research is warranted on the firm surface assessment alone to better 
understand if this is the most appropriate way to assess postural stability.14 The BESS and 
tandem gait test have been included in the SCAT-3; however, it should not be 
administered right away due to the effects from exercise.  
Weakness of the SCAT-3 Tool 
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Despite empirical evidence supporting its clinical utility, there are still 
weaknesses when assessing concussion using the SCAT-3. When utilizing self-reported 
symptoms, caution is warranted due to the highly subjective nature of the information.2 
However, the subjective nature of the assessment has shown to have relatively high self-
reported symptom scores at baseline among the healthy, non-concussed individuals.14,28,29 
Symptom checklists can also be influenced by factors such as gender, dehydration, and 
oral contraceptives.14,29,30  
The clinical tests and evaluations used to diagnose a concussion are fairly 
regimented in today’s society. However, many of the symptoms and objective deficits 
evaluated in these clinical concussion assessments can be elicited by non-concussion 
mechanisms, such as fatigue and dehydration. It is important to acknowledge and account 
for any confounding factors that may affect the body in a way that acts like a concussion, 
but is not.  As a large number of concussions occur during sport-related activity, when 
the individual was completing physical activity, the effect of exercise-induced exertion 
on clinical concussion assessments is of high clinical importance. Unfortunately, little 
research has currently been done of this topic. 
Baseline Concussion Evaluations 
 Today, it is recommended that concussion diagnoses be made utilizing a 
multifaceted approach that emphasizes the use of objective assessment tools aimed at 
capturing the spectrum of clinical signs and symptoms along with physical signs and 
cognitive deficits.13,14  
For those who participate in high-risk contact or collision sports, it is 
recommended that baseline concussion testing occur prior to the competitive season.2,4-6 
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Currently, there are no recommendations or set standards on time of administration for 
baseline testing in athletes in which many external variables may be impactful. Variables 
that could affect the baseline outcomes include, but are not limited to; the athlete’s level 
of fatigue, testing environment, and whether they are in a group or individual setting. 
Baseline administration variability may tamper with the reliability of the baseline exams.  
For example, baseline administrations are often completed in a rested state, while post-
injury testing occurs immediately following a potential injury, when the athlete may be 
experiencing some level of physical exertion related effects. The appropriateness of 
comparing the baseline to post-injury data is unknown, as no studies have been 
performed to test the reliability of the SCAT-3 at differing levels of perceived exertion, 
during and after athletic activity. It is understood that external factors can affect portions 
of the SCAT-3, however more research needs to be done to fully understand the effects of 
physical exertion on this sideline assessment.  
 A recent study tested the affect of an athletic event setting on BESS 
performance.31 During this experiment, the tester looked at BESS results on the sidelines 
during a football and basketball game. The BESS test results showed a higher BESS 
score (worse performance) during the athletic events, while the controls proved that being 
at the same venue with no crowd and game, their scores improved. The BESS has been 
proven to have a learning curve, so that a person’s score should decrease by 1 to 3 errors 
after multiple tests have been administered. 32-34 This proves that the environment the 
experimental group was tested in caused the increase in BESS scores. The effect that the 
environment had on this specific aspect of the test brings into question how the other 
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portions of the SCAT-3 would be affected during a less controlled athletic environment 
or under different physiological conditions, such as physical exertion.   
Fatigue and Concussion Symptoms 
Fatigue is known to cause self-reported symptoms and objective deficits similar to 
those seen following concussion, making proper medical diagnoses difficult. There are 
several physiological factors that can cause the clinical symptoms and deficits associated 
with fatigue, which include, but are not limited to, diminished carbohydrate storage, 
increased brain serotonin, dehydration during prolonged activity, hyperkalemia, systemic 
acidosis, hypoxia during high-intensity sports, and hyperthermia. 35 Central fatigue, the 
impairment of the central command, is most affected by low-intensity long-duration 
exercises.36 Peripheral fatigue, the impairment of the mechanism from muscle excitation 
to contraction, is most affected by short-duration exercises.36 As seen in the multiple 
physiological mechanisms that underlie fatigue, the whole body can be affected by 
exercise-related fatigue.  
Sport concussions have been proven to have the largest effect immediately post 
injury on self-reported symptoms.16 Alla7,17 conducted two studies observing the effect of 
physical activity on possible self-reported concussion symptoms. The mean symptoms 
score for the non-concussed participants who engaged in moderate intensity exercise 
increased slightly from pre-exercise to immediately following exercise and decreased 
following a 15-minute rest period. Those who participated in high intensity exercise had 
their mean symptoms scores increase from 3.4 pre-exercise to 13.8 immediately post 
exercise (maximum score of 132). However, a systematic review performed by 
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Balasundaram37 concluded that the affect of exercise on symptoms is inconclusive due to 
other studies that showed no difference in mean symptom scores.38 
Balance deficits have been noted in the BESS test up to 20 minutes after at least a 
bout of 20 minutes of athletic activity has ceased, showing that fatigue has an effect on 
balance.26 The BESS has been proven to be greatly affected by fatigue and administering 
the BESS test immediately post-injury is contraindicated because evaluated scores may 
solely be the result of fatigue.20 Fox et al.39 worked to delineate a timeline of recovery 
outside of the current standard of 20 minutes.39 Fatigue was achieved through anaerobic 
and aerobic exercise protocols. After 13 minutes of removal from activity, both the 
anaerobic and aerobic exercise groups no longer experienced adverse affects on the BESS 
scores.39 The clinical application from this study indicates that for sideline application of 
the BESS, a period of at least 13 minutes must be implemented before administration of 
the test. 
Exercise induced fatigue can affect postural control and is important to keep in 
mind when assessing a possible concussion. Wilkins et. al20 studied the effect of 20-
minutes of various running and body weight exercises on the outcomes of the BESS. 
They determined that there was an increase in errors after the fatigue protocol, 
specifically in the tandem gait stance.20  Gauchard et al.40 studied the effects of exercise 
induced fatigue on postural control. They included another variable having the subjects in 
a controlled, euhdryated or dehydrated state. This test observed Rhomberg’s on a force 
plate after exercise in an eyes closed, and eyes open position. They found that postural 
control was in fact affected by fatigue. Not only was postural control affected by 
exercised induced fatigue, but the state of hydration appeared to play a role as well. 
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When a person was fatigued and dehydrated their ability to control their posture was 
weakened when compared to their hydrated state.40  
Other external factors may influence the body to portray concussion-like 
symptoms including dehydration. Some experts have speculated that dehydration may 
confound the measure of self-reported symptoms, neuropsychological performance and 
postural stability when assessing sport-related concussion.30 The neuropsychological 
stresses observed are similar in concussion, dehydration and thermal stresses.30 Patel et 
al.30 performed a study that utilized a concussion symptom checklist with a Likert scale 
(0=asymptomatic to 6=severe) to observe differences in a dehydrated and euhydrated 
groups. They found that the dehydrated group reported a significantly higher total 
symptom score and severity, than the euhydrated group. The study also tested the 
influence of hydration on SAC outcomes and found no differences between the groups.30 
 It is also important to take into account the cognitive demands of physical tasks. 
The body’s natural response during exercise is to quit when it becomes uncomfortable, 
but a cognitive effort is put in place to inhibit this natural reaction to quit, causing 
cognitive stress.41 These cognitive demands can lead to mental fatigue. As mental fatigue 
increases there is a correlation with the increase in rate of perceived exertion scores.41 
This increase in mental fatigue can impair performance in the subsequent task with the 
non-fatigued muscles.41 Other factors that can affect cognitive functioning include 
anxiety, self-efficacy and nervousness.35 Adrenaline has been tested to be in higher 
concentrations before and during a tournament match when compared to practices and 
adrenaline levels can be associated with greater nervousness.35 
Fatigue Protocols 
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In the past, fatigue protocols have been implemented to simulate sport-related 
exercise.  Traditional protocols seek to focus on functional exercise that allows them to 
have the ability to relate their conclusions to sport.  In a laboratory setting, it is difficult at 
times to simulate sport activity and studies have used activities like sprinting in a straight 
line or pre-determined cutting and sprinting patterns to try to mimic real sporting activity 
as closely as possible.  Fox et. al39 implemented a traditional protocol of both an 
anaerobic and aerobic fatigue protocol to observe their effects on postural restoration. 
They included aerobic and anaerobic activities utilizing a 20-meter shuttle run. For the 
anaerobic protocol the subject was timed for 2 minutes as they completed as many 20-
meter sprints as possible.39 For the aerobic protocol the subjects completed repetitive 20-
meter shuttle runs that over time increased speed until failure was achieved.39 Wilkins et. 
al20 implemented a fatigue protocol including jogging, sprinting, push-ups, sit-ups and  
step-ups to observe the effects on BESS outcomes. While these protocols can 
appropriately fatigue participants, the lack of sport specific exercises may not 
appropriately mimic the physiological consequences of real world sporting events. 
Sport specific protocols have been created to more closely simulate a certain 
sport’s physical demands. The ideas behind these protocols are that they replicate similar 
activities and movements required of that sport, without actually playing the sport. 
Small42 created a soccer fatigue program that required the subject to complete 
consecutive long distance sprints while completing pre-determined dodging and cutting 
movements that are performed over the duration of a regulation soccer game.42 Mullen et 
al.43 sought to simulate a rugby game through a fatigue protocol. This protocol 
incorporated the participant tackling a soft cylindrical bag at different time points during 
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the drill while they were continuously sprinting, jogging or walking throughout the 
protocol. While these fatigue protocols were relevant for previous studies, this study will 
simulate a basketball game in order to mimic athletic competition as closely as possible.  
Rate of Perceived Exertion 
 The Rate of Perceived Exertion (RPE) is a subjective review of the workload a 
person is undergoing. Whole body RPE involves awareness of sensations arising from 
muscle, joints, chest, skin, circulating factors, and inputs from higher brain centers.35 
Information from peripheral factors, including hypoglycemia, muscle glycogen depletion, 
systemic hypoxia or acidosis, and high skin/temp or dehydration, usually contribute to 
higher RPEs.35 There is a close positive relationship with the rise in RPE and time to 
exhaustion. 35 Mental fatigue, lowered self-efficacy or anxiety may also play a role in the 
rise of RPE.35 Wilkins et al. tested BESS in relation to rate of perceived exertion (RPE) 
scores, and found a positive correlation between increased BESS scores and increased 
RPEs, indicating that a person’s postural control worsened as their rate of perceived 
exertion increased.20  RPEs have been used as a subjective measurement of the level of 
fatigue a person reaches.  
Rationale for Study  
 The degree of brain dysfunction that is related to concussion often produces signs 
and symptoms that fall within the range of deficits produced by other stresses an athlete 
may experience like dehydration, fatigue and anxiety.2 Baseline testing may help the 
clinician in the post-injury management process, by providing data that represent an 
athlete’s brain function in an uninjured state. 2 However, baseline testing currently does 
not have a standard for what level of physical exertion or when following competition or 
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practice, an athlete should complete baseline testing. While BESS testing should not be 
performed until 20 minutes after activity is stopped, little research has been done to 
determine the effect of exertion on other measures of the clinical concussion assessment 
battery. If we are able to prove the reliability of the tests under over exertion states, it 
would be possible to eliminate the rest period that is currently required for a test like the 
BESS.  Outside of the BESS, it is not yet standardized or understood what exertion level 
is best to obtain a baseline on the athletes we oversee. In theory, a baseline assessment 
should be the score for which all subsequent concussion assessments are adequately 
compared. 
Most studies to date have also been conducted using traditional fatigue protocols 
that do not include sports specific activity. Due to the environmental, mental, and 
physical demands imposed by athletics, an evaluation of concussion-related symptoms 
can yield low specificity compared with the reference standard of clinician-diagnosed 
concussion. 2 It is now known that exercise and fatigue may contribute to the presentation 
of concussion-related symptoms.  
This study will exert athletes through a simulated basketball game, which 
incorporates sports specific activity. The simulated basketball game will combine aerobic 
and anaerobic systems, while including unknown perturbations to the body that cannot be 
included in a traditional fatigue protocol. This study will measure the outcome of the 
SCAT-3 under different levels of perceived exertion, as well as assess the reliability of a 












 We utilized a totally within subjects, repeated measures design and recruited a 
convenience sample of 36 collegiate aged recreational athletes (nmales=21; nfemales=15; 
age=21.05 + 2.45) from the University of North Carolina at Chapel Hill. All participants 
were required to be recreationally active three times a week, for at least 30 minutes at a 
time and participate in basketball on a regular basis (on average 3 times a month). 
Participants were excluded from this study if they had a concussion within the past year, 
history of more than three concussions in their lifetime, or had not been cleared by a 
physician for physical activity following a concussive event. Additionally, participants 
(n=30 who were initially screened) were excluded if they have had a lower extremity 
injury that occurred within the past 6 months, or lower extremity surgery. All participants 
in the study completed a pre-participation screening, health history, and demographic 
form via a Qualtrics survey to determine their eligibility to participate in the study. 
Demographic information for the participants is shown below in Table 1. Prior to 
participation all participants read and signed an informed consent form approved by the 
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Table 1. Demographic Information 
  Male (N=21) Female (N=15) 
Age  21.82 ± 2.58 20.65 ± 2.37 
Weight  
183.72 ± 
25.55 159.53 ± 21.03 
Height (inches) 72.17 ± 2.85 68 ± 2.43 
Hydration Status  3.11 ± 1.73 2.75 ± 1.17 
Hours of sleep 6.34 ± 2.03 6.82 ± 1.25 
 
Instrumentation 
Sideline Concussion Assessment Tool-3 (SCAT-3): The SCAT-3 is a sideline 
concussion tool that is administered by a sports medicine professional. This assessment 
consists of eight sections: Glasgow coma scale (GCS), Maddocks Score, symptom 
evaluation, cognitive assessment, neck examination, balance, coordination and delayed 
recall. The GCS and Maddocks Score will not be assessed during this study, as these are 
not traditionally tested at baseline due the lack of an injury mechanism. All other sections 
of the SCAT-3 will be assessed during this study, with the tester guiding the participant 
through each section. There are written cues on the SCAT-3 form for each section that 
will be used to instruct what is expected of the participant and ensure each test 
administrator provides consistent instructions.  
For the evaluation of symptoms, a 22-item symptom checklist will be used, 
whereby the participant will be asked to individually score each symptom on a scale from 
0-6 (0=not present, 1=mild to 6=severe). Following symptom reporting, the SAC is 
completed as described below. The SAC is followed by a balance assessment. Balance is 
tested by the Balance Error Scoring System, which is discussed below. For our testing we 
will use both the firm and foam surfaces, unlike in the SCAT-3 where you only have to 
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use the firm surface. Tandem gait will also be assessed as outlined in the SCAT-3. 
Coordination is then tested having the subject extend their arm out to the front of their 
body and touch their nose five times, as fast as possible.  
    



























Figure 3: Coordination and delayed recall section of SCAT-3 
 
Balance Error Scoring System44: The Balance Error Scoring System (BESS) is a 
brief (2-minute) assessment of balance. The BESS utilizes six different conditions, each a 
variation of the Rhomberg test and lasting for 20 seconds. Three different stances, double 
leg, single leg and tandem stance, are performed on a firm surface and then repeated on a 
foam surface (Figure 4). For each condition, the participant is instructed to stay as still as 
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possible with their hands on their hips and their eyes closed. In the double leg stance, the 
participant is asked to stand with both feet together and touching. In the single leg task, 
the participant is asked to maintain their balance while standing only on their non-
dominant leg (opposite of the leg they would use to kick a soccer ball). During the 
tandem stance, the participant stands with their feet in a straight line, heel-to-toe 
touching, with the non-dominant foot in back. Each test is critiqued based on a set of pre-
determined errors (Table 2).  
  
                           Figure 4: Stances performed during the BESS 
 
Table 2. BESS Errors 
Balance Error Scoring System Errors 
o Hands lifted off iliac crest  
o Opening eyes  
o Step, stumble, or fall  
o Moving hip into more than 30° of flexion or abduction  
o Lifting forefoot or heel  
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Tandem Gait: A 3-meter line of standard 38 mm sports tape will be placed in a 
straight line on the floor. The participants will walk from one end of the tape to the other 
and return back to their starting position. This task will be completed by walking in a 
heel-to-toe fashion, as quickly as possible. This will be completed for time for 4 trials. 
The best time will be recorded as the participants’ score.45,46  
Standardized Assessment of Concussion (SAC): The SAC is a portion of the 
SCAT-3 exam that assesses cognition. This cognitive assessment starts with a series of 
questions assessing a participants’ orientation, specifically, to the time and day. 
Immediate memory is assessed next, whereby the participant is challenged through a 
repetition of five words, three times. Next, concentration is assessed by having the 
participant repeat a string of numbers, as well as the months of the year, in reverse order. 
Last, delayed recall is tested by having the participant recall the set of five words they 
were assessed on in the immediate memory section. All of these components make up the 
SAC. 
Borg Scale (Rate of Perceived Exertion): Borg47 
developed a category-ratio scale that measures perceived 
levels of exertion. This scale is also known as the rate of 
perceived exertion. It ranges from 0 to 10, 0 being 
“nothing at all” and 10 being “very, very strong.” The 
scale (shown in Table 3) will be provided to the subjects 
for the purpose of rating their perceived level of exertion 
at baseline, at half-time and at the end of competition. 
Table 3. Borg Scale 
Borg Scale  
0      Nothing at all  
0.5   Very, very weak  
1      Very weak  
2      Weak  
3      Moderate  
4      Somewhat strong  
5      Strong  
6  
7      Very Strong 
8 
9 
10    Very, very strong  
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Urine color chart: Assessing the color of a person’s urine is a valid representative 
of hydration status,48 as the color of urine is indicative of a person’s water volume. 
Additionally, the color of urine has been proven to be just as reliable as specific gravity 
and osmolality measurements.48 The urine color chart can be seen below in Figure 5.  
   
         Figure 5: Urine color chart 
 
Finger Pulse Oximeter: A finger pulse oximeter is a finger mounted wireless 
photoplethysmography device. These devices have been used in hospital, emergency care 
and research setting for several years. They have been validated for their use in 
monitoring pulse rate and oxygen saturation.49-51 Pulse rate will be used as a 
representative value for heart rate, and oxygen saturation will be included as another 
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Procedures 
 Participants completed two testing sessions 7-14 days apart. (mean/SD = 11.67 + 
4.04).  Each testing session consisted of three separate games with 12 people per session  
(6 people per team) for a total of 36 participants tested. To be included in the study 
subjects had to complete a medical history questionnaire via Qualtrics to verify if the 
participant met the inclusion criteria.  After passing the health history section each 
participant was given pre-testing instructions to best prepare for the simulated games. 
The written instructions included: no exercising the day of, staying properly hydrated 
including drinking a minimum of 250 mL of water the morning of the study, no caffeine 
the day before or day of the study, and not using the restroom within at least 30 minutes 
of your reporting time for the study.   
During the first testing session, each participant was randomly assigned to one of 
two teams. Additionally, each participant was assigned a number ranging from 1-6, with 
one of each number on each team (total = 12). As each subject reported they were 
instructed to go to the bathroom to assess their urine color using the Urine Color Chart. 
Given the chart, they circled the color most reflective of their urine, a number between 1 
and 8. If a person reported a 6 or higher, they were dismissed from testing for that 
session. Due to dehydration, n=0 of subjects were dismissed for Test Session 1 and n=0 
of subjects were dismissed for Test Session 2. After passing their hydration test, the 
participants then completed a SCAT-3 baseline assessment for Session 1 administered by 
a trained member of the research team. After completion of the SCAT-3, each subject 
was fitted with a pulse oximeter and was instructed to sit for 5 minutes. The subject’s 
resting heart rate and oxygen saturation was recorded following the 5 minutes of rest. 
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During this time each subject was familiarized with the RPE scale then reported his or 
her current RPE on a scale from 0-10.  
 Following the SCAT-3 baseline, heart rate, and oxygen saturation assessment, the 
athletes were put through a 10-minute warm-up designed and implemented by the 
experimenter. The warm-up was designed to provide a total body warm-up to properly 
prepare the subjects to play in a basketball game. The warm-up is outlined in Table 4. 
After the warm-up, all subjects participated in a basketball game that consisted of two, 
20-minute halves, with a 15-minute break between halves to mimic a standard collegiate 
length basketball game. Throughout the game, participants rotated every two minutes in a 
pre-determined randomly selected order (Table 5).  Shooting fouls were given 2 foul 
shots during game, and floor fouls were given to the fouled team and played from the 
sideline.  The order of rotating the participants through the game is different between 
Session 1 and 2. Each subject remained on their assigned team and kept the number they 
were given in Session 1.  
Table 4. Warm-up that was completed prior to all testing sessions 
Warm-up 
o 5 laps around the basketball court  
o Half-court drills - 2x each 
o High-knees  
o Glute kicks 
o Low skips  
o Carioca (facing both ways) 
o Hip internal/external rotation 
o Heel sweeps  
o Walking quadriceps stretch  
o High kicks  
o High Skips  
o 3 lateral jumps to acceleration 
o Run at 75% full speed 
o Run at 100% full speed 
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 After the first half of Session 1, the SCAT-3 was re-administered to both teams. 
At the start of their assessment their pulse rate, oxygen saturation and RPE was recorded. 
Participants were encouraged to rest and drink water when not completing the SCAT-3 
measures. After the 15-minute break between halves, the second 20-minute half 
commenced. The participants continued to rotate through every two minutes following 
the same randomly determined rotation schedule. At the end of the competition, all 
subjects were re-administered the SCAT-3 and pulse rate, oxygen saturation and RPE 
was recorded. After this, all participants were dismissed from the first testing session.  
 Participants returned for testing Session 2 after 7-14 days. Participants remained 
on their previously assigned team and kept their previously assigned subject number. All 
participants completed a hydration assessment using the Urine Color Chart and 
completed a SCAT-3 baseline assessment prior to engaging in any physical activity at the 
second test session. The same warm-up completed during Session 1 was completed at 
Session 2 prior to the start of the first half. Following the warm-up, the first half was 
started, with the participants being rotated every 2 minutes on a pre-determined randomly 
selected order, that was different than the rotation for Session 1. After the first half was 
completed, both teams were re-administered the SCAT-3 during the 15-minute break 
between halves. Their heart rate, oxygen saturation and RPE was recorded at the 
beginning of the SCAT-3 administration. After the break, the second half continued with 
the participants still rotating every 2 minutes in a pre-determined randomly selected 
order. After the second half, both teams completed the SCAT-3, recorded pulse rate, 
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oxygen saturation and reported RPE for the final time. Following this assessment, the 
participants were dismissed and their participation in the study was terminated. 
Table 5. Session 1 and 2 Game Rotation 
Testing Session 1 Testing Session 2 
Starting line-up 1st half : 1,2,3,4,5  
Bench: 6 
• 0:00-2:00 – 1, 2, 3, 4, 5 
• 2:00-4:00 – 2, 3, 4, 5, 6 
• 4:00-6:00 – 3, 4, 5, 6, 1  
• 6:00-8:00 – 4, 5, 6, 1, 2 
• 8:00 – 10:00 – 5, 6, 1, 2, 3 
• 10:00 – 12:00 - 6, 1, 2, 3, 4  
• 12:00 – 14:00 – 1, 2, 3, 4, 5 
• 14:00 – 16:00 – 2, 3, 4, 5, 6 
• 16:00 – 18:00 – 3, 4, 5, 6, 1 
• 18:00 – 20:00 – 4, 5, 6, 1, 2  
 
Half-time 15:00 minutes  
 
Starting line-up 2nd half : 5, 6, 1, 2, 3 
• 0:00-2:00 – 5, 6, 1, 2, 3 
• 2:00-4:00 – 6, 1, 2, 3, 4 
• 4:00 – 6:00 – 1, 2, 3, 4, 5  
• 6:00-8:00 – 2, 3, 4, 5, 6 
• 8:00 – 10:00 – 3, 4, 5, 6, 1 
• 10:00-12:00 – 4, 5, 6, 1, 2  
• 12:00-14:00 – 5, 6, 1, 2, 3  
• 14:00-16:00 – 6, 1, 2, 3, 4  
• 16:00 – 18:00 – 1, 2, 3, 4, 5  
• 18:00-20:00 – 2, 3, 4, 5, 6  
 
Starting line-up 1st half : 3, 5, 2, 6, 1   
Bench: 4 
• 0:00-2:00 – 3, 5, 2, 6, 1 
• 2:00-4:00 – 5, 2, 6, 1, 4 
• 4:00-6:00 – 2, 6, 1, 4, 3  
• 6:00-8:00 – 6, 1, 4, 3, 5  
• 8:00 – 10:00 – 1, 4, 3, 5, 2 
• 10:00 – 12:00 – 4, 3, 5, 2, 6 
• 12:00 – 14:00 – 3, 5, 2, 6, 1  
• 14:00 – 16:00 – 5, 2, 6, 1, 4 
• 16:00 – 18:00 – 2, 6, 1, 4, 3 
• 18:00 – 20:00 – 6, 1, 4, 3, 5 
 
Half-time 15:00 minutes  
 
Starting line-up 2nd half : 1, 4, 3, 5, 2 
• 0:00-2:00 – 1, 4, 3, 5, 2 
• 2:00-4:00 –4, 3, 5, 2, 6 
• 4:00 – 6:00 – 3, 5, 2, 6, 1  
• 6:00-8:00 – 5, 2, 6, 1, 4  
• 8:00 – 10:00 – 2, 6, 1, 4, 3 
• 10:00-12:00 – 6, 1, 4, 3, 5  
• 12:00-14:00 – 1, 4, 3, 5, 2  
• 14:00-16:00 – 4, 3, 5, 2, 6 
• 16:00 – 18:00 – 3, 5, 2, 6, 1 




Data Reduction  
 Symptom severity score (SSS), total SAC score, and total BESS scores were 
collected at baseline, mid-competition, and end of competition for each subject and will 
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serve as the dependent variables of interest for both research questions.  The symptom 
score is calculated by adding the total numerical values for the severity of each symptom. 
The highest symptom score a participant could report is 132. SAC total score is 
calculated by adding together the scores of each individual section of the SAC portion of 
the SCAT-3, with a total of 30 possible points. The BESS total score is calculated for 
each test session by adding together the errors of all six testing conditions. The BESS can 
have a max score of 60 errors per session. Finally, the tandem gait will have a recorded 
time in seconds. Four trials are completed of the tandem gait task and the fastest time is 
recorded as the score.  
 All variables will be tested during both baseline assessments. The baseline 
assessment completed at Test Session 1 will be used to best represent an athlete’s 
baseline. Group mean scores will be used to determine if there is a difference in outcomes 
measures at baseline, mid-competition, and end of competition time points.  
Statistical Analyses  
We utilized IBM SPSS Statistics Version 23 (Chicago, Illinois) and SAS Version 
9.4 (Cary, NC) to run our statistical analyses. A mixed linear regression model was used 
to analyze dependent outcomes. We examined the relationship between RPE and pulse 
rate, which also showed high correlation (p<0.001).  
A mixed linear regression model was used to analyze the dependent outcomes 
(see additional analyses) and pulse rate (see manuscript) within a session (baseline, mid-
competition, end-of-competition). Pulse rate is a more objective measure of exertion, 
which is why it was used in the manuscript instead of RPE (see additional analyses for 
use of RPE). Sex was added into the model to control for unequal numbers of males and 
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females. Therefore, SCAT-3 outcomes (manuscript) were predicted by pulse rate, sex, 
and the interaction between pulse rate and sex. An interclass correlation coefficient 
ICC(2,1) with standard errors of the measurement (SEM) was run to classify the test-retest 
reliability of the SCAT-3 at each of the three time points (baseline, mid-competition, end-
of-competition). The power analysis results for this study can be seen below in Table 6. 
An overview of the data analysis can be seen in Table 7.  
Additional Analyses 
The rate of perceived exertion (RPE) was used as a subjective measure of exertion 
level throughout each testing session. Pulse rate and RPE were highly correlated 
measurements of exertion level. Due to the objectivity of pulse rate, it was used for the 
main outcome measures. RPE is however is a reliable measure of subjective level of 
exertion and is a useful tool in measuring someone’s activity level. For the additional 
analyses RPE was used in replacement of pulse rate in the analyses described above, for 
additional information on the main outcome measures. As game time and rate of 
perceived exertion were highly related (p<0.001), only perceived exertion was included 
in the model. The SCAT-3 outcomes (additional analyses) were predicted by perceived 
exertion, sex, and the interaction between perceived exertion and sex. 
A mixed linear regression model was chosen to analyze the outcomes measures 
for this study. These statistics were chosen because they allowed us to look at exertion for 
all time points across the testing sessions. This was important because we were able to 
utilize information from all subjects, at all time points. In some cases subjects did not 
complete two testing sessions as outlined, but their information could still be utilized, for 
the time points in which they had data, in the analyzing of these outcomes.  
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Table 6. Power Analysis  
Ø Power 0.8 
Ø 0.5 effect size (SAC) 
Ø 2-tailed  
Ø alpha value 0.05 





Table 7. Data Analysis Overview 
Question Description Data Source Comparison Method 
















1. Baseline vs. 
half-time  






















1. Baseline vs. 
half-time  
























Sport-related concussions remain at the forefront of sports medicine research and 
clinical decision-making. As such, concussion researchers and specialists have often 
come together to continuously adapt concussion management tools and protocols. Most 
recently the International Conference on Concussion in Sport provided a standardized 
definition of a sport-related concussion: is a traumatic brain injury induced by 
biomechanical forces.1 The formulation of a more accepted definition of concussion has 
helped lead to a more defined process of concussion diagnosis. In intercollegiate and high 
school sports, athletic trainers act in the first line of assessment following a sport-related 
concussion. Therefore, appropriate sideline tools to diagnose and manage traumatic brain 
injury are necessary for athletic trainers, in order to effectively triage the injury, assess 
injury severity and provide referrals if necessary.  
The SCAT-3 is a widely utilized sideline assessment tool by athletic trainers and 
has high clinical utility as it assesses symptom, cognitive, and postural domains, which 
are the recommended for baseline concussion evaluation13. Each athlete is recommended 
to complete the SCAT-3 under a pre-injury (baseline) condition prior to the start of game 
competition.2,3 Currently, the only guideline on the administration of a SCAT-3 baseline 
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is that data should be collected on a yearly basis, particularly in contact sports where 
there is a higher risk of injury. 2,4-6 The lack of standardization on when the measures 
encompassed in the SCAT-3 should be evaluated in relation to exertion level often results 
in baseline data collection occurring during lulls in practice or following a work out, 
conditioning session, or practice. In these circumstances, athletes are tested under 
conditions of varying fatigue and exertion, which may not be equivalent to the state 
tested in subsequent assessments (such as after a potential injury or for clearance to begin 
return to play protocol). A window of at least 15-20 minutes between physical activity 
and the administration of the sideline assessments is recommended13, however, this is 
often overlooked. Fatigue alone has been shown to cause concussion-like symptoms, 
cognitive dysfunction, and balance deficits, so understanding how varying states of 
fatigue influences the SCAT-3 is of high clinical importance.7 Understanding the affect of 
levels of exertion on SCAT-3 assessments will also help us better understand these 
assessments’ reliability at varied fatigue levels.  
Currently, there is no gold standard to guide clinicians on what exerted or game-
like state athletes should be in during baseline concussion assessment administration, so 
testing may occur before, during, or after exercise. Understanding the psychometric 
properties of the SCAT-3 under different conditions of fatigue/exertion states must be 
measured to ensure its appropriateness during a sideline concussion assessment. By 
completing multiple testing sessions through varying levels of exertion, we can evaluate 
whether extraneous factors such as exertion level are reliable over time and make 
appropriate recommendation for baseline and post-injury evaluations based on fatigued or 
exertional states. Thus, creating the highest level of athlete safety by ensuring that proper 
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diagnosis and management decisions are made. Therefore, the primary purpose of this 
study was to assess the effect of varying game-like exertion states on SCAT-3 outcomes.  
The secondary purpose of this study was to assess the reliability of the SCAT 3 under 
varying game-like exertion states.  
Methods  
Participants  
 Individuals between the ages of 18-28 who complete at least 30 minutes of 
physical activity three times week, and participate recreationally in basketball at least 
three times a month, were recruited for this study. Participants were excluded from the 
study if they sustained a concussion in the last year, were diagnosed with more than three 
concussions, had a lower extremity injury in the last 6 months, or had a history of lower 
extremity surgery. Each participant completed a health history questionnaire, which was 
reviewed by the primary investigator to ensure inclusion criteria was met. All participants 
enrolled into the study provided informed consent approved by the Institutional Review 




 A within-subjects, repeated measures study was designed to assess the effect of 
varying levels of exertion levels on sideline concussion screening outcomes. A 
convenience sample of 36 participants was used. Participants were randomly assigned to 
one of six teams. A total of 12 subjects were assigned to complete each testing session, 
consisting of two basketball teams with 6 subjects each. All subjects were given a 
number from 1 to 6 on each team. The numbers determined when the participant was on 
or off the court during the games.  
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Each subject participated in two simulated basketball games (two, 20 minutes 
halves with a 15 minute half-time break) that were 7-14 days apart. Hydration status was 
assessed upon arrival and participants had to be adequately hydrated (Urine Color Chart) 
at or below 6 on a 1-8 scale to complete the study session. No subjects were excluded due 
to hydration status at time of participation (mean/SD = 2.95 + 1.51). Participants were 
assessed on rate of perceived exertion, pulse rate (as a proxy for heart rate), and SCAT-3 
component outcomes prior to game initiation (baseline), at half-time (mid competition) 
and at the end of the simulated basketball game (end-of-competition).  
 
Main Outcome Measures 
 
 For this repeated measures study, the primary outcome measures were the 
concussion metric scores from the SCAT-3. Individuals with concussions have been 
shown to show deficits in reported symptoms, cognition, balance, postural control and 
memory. The SCAT-3 is a concussion screening measurement that is widely used in a 
sideline and clinical setting to help diagnose and treat those with a concussion. All 
primary outcome measures were assessed during all testing time points (baseline, mid 
competition, and end-of-competition at both testing sessions).  
Sideline Concussion Assessment Tool-3 (SCAT-3)14: The SCAT-3 is a sideline 
concussion tool that is administered by a sports medicine professional. This assessment 
consists of 8 sections. The sections evaluated for this study are described below. 
Symptom Checklist: For the evaluation of symptoms, a 22-item symptom 
checklist was used, whereby the participant will be asked to individually score each 
symptom on a scale from 0-6 (0=not present, 1=mild to 6=severe).  
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Standardized Assessment of Concussion (SAC): The SAC is a portion of the 
SCAT-3 exam that assesses mental status. This assessment starts with a series of 
questions assessing a participants’ orientation. Immediate memory is then assessed, 
whereby the participant is challenged through a repetition of five words, three times. 
Concentration is assessed by having the participant repeat a string of numbers, as well as 
the months of the year, in reverse order. Last, delayed recall is tested by having the 
participant recall the set of five words they were assessed on in the immediate memory 
section. All of these components make up the SAC. The completion of each task 
correctly is rewarded with “1” point and “0” if it is not completed correctly, totaling 30 
possible points.  
Balance Error Scoring System44: The Balance Error Scoring System (BESS) is a 
brief (2-minute) assessment of balance. The BESS utilizes six different conditions, each a 
variation of the Rhomberg test and lasting for 20 seconds. Three different stances, double 
leg, single leg and tandem stance, are performed on a firm surface and then repeated on a 
foam surface. For each condition, the participant is instructed to stay as still as possible 
with their hands on their hips and their eyes closed. Each test is critiqued based on a set 
of pre-determined errors that can be found in Table 1 below. We evaluated the full BESS 
with firm and foam surface conditions, which differs slightly from the SCAT-3 
recommendations of firm surface only. A total balance score (max=60 points) will be 
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Table 8. BESS Errors 
Balance Error Scoring System Errors 
o Hands lifted off iliac crest  
o Opening eyes  
o Step, stumble, or fall  
o Moving hip into more than 30° of flexion or abduction  
o Lifting forefoot or heel  
o Remaining out of testing position for more than 5 
seconds 
 
Tandem Gait45,46: The participants will walk from one end of a 3m line to the 
other and return back to their starting position. This task will be completed by walking in 
a heel-to-toe fashion, as quickly as possible. Four trials will be completed with the fastest 
time serving as the participants’ score. 
Borg Scale (Rate of Perceived Exertion)47: The Borg Scale is a subjective rating 
of exertion scale from 0 to 10, with 0 being “nothing at all” and 10 being “very, very 
strong.” The scale visual scale will be provided to the subjects for the purpose of rating 
their perceived level of exertion from 0 to 10 at baseline, at half-time and at the end of 
competition 
Statistical Analysis  
We utilized IBM SPSS Statistics Version 23 (City, State) and SAS Version 9.4 
(Cary, NC) to run our statistical analyses. A mixed linear regression model was used to 
analyze the dependent outcomes. SCAT-3 outcomes were predicted by pulse rate, sex, 
and the interaction between pulse rate and sex. Separate one-way, repeated measures 
ANOVA and Pearson’s correlation coefficient were used to calculate the correlation 
coefficient and p-values for pulse rate*RPE, RPE*game time and pulse rate*game time. 
This was completed to calculate the correlation between the variables, determining what 
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variable would be accounted for in the outcome statistics. As perceived exertion levels 
and pulse rate were highly correlated across both testing sessions, only pulse rate was 
included in the model due to its objectivity. Sex was also included into the model to 
control for potential effects on the outcomes due to the unequal numbers of males and 
females.  
An interclass correlation coefficient ICC(2,1) with standard errors of the 
measurement (SEM) was run to classify the test-retest reliability of the SCAT-3 at each 
of the three time points of each session (baseline, mid-competition, end-of-competition). 
An a priori power analysis was conducted to determine the necessary number of 
participants. Using a power of 0.8, medium effect size (Cohen’s d=0.50), and two-tailed 
design with an alpha value of 0.05, a total of 32 subjects were needed.  
Results  
 A total of 36 subjects were recruited and participated in the research study (N=36; 
female = 15, male=21). Twenty-seven participants completed both testing sessions while 
nine subjects missed one session. Reasons for missed sessions include inability physically 
to participate because of an illness (N=3) and forgetting about scheduled testing session 
(N=6). To allow for the game the testing sessions to go on as scheduled, research 
assistants filled in as the missing subjects, participating in the game, but outcome 
measures were not tested on the research assistants. The statistical analysis used in this 
study allowed for the ability to utilize the information from subjects who only completed 
one testing session. Demographic information on the subjects can be found below in 
Table 2.  
Table 9. Demographic Information 
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  Male (N=21) Female (N=15) 
Age   21.82 ± 2.58  20.65 ± 2.37 
Weight  183.72 ± 
25.55 
 159.53 ± 
21.03 
Height (inches)  72.17 ± 2.85  68 ± 2.43 
Hydration Status   3.11 ± 1.73  2.75 ± 1.17 
Hours of sleep  6.34 ± 2.03  6.82 ± 1.25 
 
 A mean centered model (Table 10) was run to assess the effect of pulse rate, sex, 
and the interaction between pulse rate and sex, with males and a pulse rate of 116 as the 
referenced cells (Pulse rate =116; male = 0; Pulse rate*sex = 0). The descriptive statistics 
for the outcomes, as well as beta and p-values can be seen below in Table 11 and 12 
below. Significant main effects of sex and pulse rate were present for tandem gait. For 
every 1-point increase in pulse, tandem gait time would decrease (improve) by 0.231 
seconds (t150=-4.57, p < .001). Females have generally slower (higher) tandem gait time 
than males by 1.384 seconds (t34=2.74, p=.0098). No interaction effects were significant 
for tandem gait. For symptom severity score, there were no main or interaction effects. 
There was a sex main effect for SSS approached significance (t34=1.74, p=.091). There 
were no significant main or interaction effects noted for SAC and BESS outcomes 
 
Table 10 Mean Centered Model Data 
Outcomes 
 Pearson’s r P-value 
RPE*Pulse Rate 0.602 <.0001 
RPE*Game Time 0.612 <.001 
Pulse rate*Game Time 0.585 <.0001 
 
 
Table 11. Outcome Measures Beta and p-values 
Outcomes 
 Beta P-value 
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SAC (sex) - 0.08 0.97 
SAC (pulse) - 0.0002 < .001 
SAC (pulse*sex) 0.002 0.81 
BESS (sex) -1.23 0.51 
BESS (pulse) 0.03 0.12 
BESS (pulse*sex) -0.04 0.20 
TG (sex) 7.21 < .001 
TG (pulse) - 0.02 < .001 
TG (pulse*sex) .005 .46 
SSS (sex) 3.00 .09 
SSS (pulse) 0.03 0.12 
SSS (pulse*sex) -0.01 0.70 
 
 
Table 12. Means and Standard Deviations at All Time Points for Female Subjects 
Female 
Outcomes Session 1 Session 2 
Pre Half End Pre Half End 











































































   
      
       
       
       
       
       










Table 13. Means and Standard Deviations at All Time Points for Male Subjects 
Males 
Outcomes Session 1 Session 2 
Pre Half End Pre Half End 











































































Reliability of the outcome measures was evaluated within each testing session 
(Table 14, 15 and 16). The SAC showed a moderate reliability within Games 1 and 
2,with ICC2,1 values ranging from .395 to .640.  Across the two games the SAC had poor 
to moderate reliability with all reliability with ICC ratings under .605. The BESS proved 
to have a varied reliability throughout testing. Within game reliability for the BESS 
ranged from low (ICC 2,1 = .004) to high (ICC2,1 = .78). Across games the BESS had a low 
to moderate reliability with ICC ratings under ICC2,1 = .43. The tandem gait showed the 
highest overall reliability both within and across games, with ICC2,1 ranging from .549 to 
.816. Last, symptom severity score (SSS) had a moderate (ICC2,1 = .674) to high (ICC2,1 = 
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.964) reliability with a single session. Across games, SSS proved to have low reliability 




Table 14. Session 1 Reliability Results 
Session 1 
Outcomes Pre-Game to Half-
Time 
Pre-Game to Game 
End 
Half-Time to Game 
End 
ICC2,1 SEM ICC2,1 SEM ICC2,1 SEM 
SAC 0.64 1.32 0.42 0.97 0.51 1.08 
BESS <.00  0.03 0.41 2.95 0.72 5.32 
TG (sec) 0.72 1.52 0.55 1.17 0.85 1.62 
SSS 0.69 3.66 0.67 3.29 0.72 3.86 
 
 
Table 15. Session 2 Reliability Results  
Session 2 
Outcomes Pre-Game to Half-
Time 
Pre-Game to Game 
End 
Half-Time to Game 
End 
ICC2,1 SEM ICC2,1 SEM ICC2,1 SEM 
SAC 0.42 0.75 0.39 0.94 0.53 1.23 
BESS 0.78 5.43 0.58 4.27 0.76 5.66 
TG (sec) 0.79 1.51 0.80 1.53 0.82 1.28 
SSS 0.89 6.85 0.90 7.59 0.96 7.98 
 
 
Table 16. Session 1 and Session 2 Reliability Results  
Session 1 and Session 2 




End of game 






SAC 0.22 0.61 0.37 0.43 Moderate 
BESS 0.43 0.01 0.07 0.39 Poor 
TG (sec) 0.52 0.72 0.74 0.69 Moderate 
SSS 0.38 0.23 0.28 0.51 Moderate 
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Discussion  
 Post-concussive symptoms, cognitive impairment and balance deficits are 
commonly observed without the presence of a concussion. This study examined the 
change in concussion sideline outcomes in relation to exertion levels in participants 
throughout two, simulated basketball games. Best practice in concussion management at 
this time is to complete a baseline assessment that is to be used as a reference point for 
subsequent exams. However, evidence suggests that post-concussion symptoms can be 
provoked by physical activity to some degree.  
 In this study, participants reported an average of 1.879 symptoms at baseline. 
Over time the average increased to 2.424 symptoms at half-time and 1.727 at the end of 
the game. Symptoms were reported at baseline without the provocation of physical 
exertion. Headache, fatigue or low energy, irritability and nervous or anxious symptoms 
were the most highly reported symptoms at baseline. In other similar research studies 
women reported higher values of symptoms, specifically emotionally related symptoms 
like irritability, sadness, nervous or anxious and feeling more emotional, as well as 
headache52. These symptoms were seen to decrease with activity52, which was also 
observed in this study. Women’s SSS decreased in Test Session 1 from baseline to end of 
game, while in Test Session 2 their symptoms increased across the session. Men’s score 
increased at half-time of Test Session 1 and through until the end of Test Session 2.  
Overall symptom reporting and severity increased the most at half-time of the 
game. Highly reported symptoms at half-time included feeling slowed down, fatigue or 
low energy, balance problems and irritability. End of game symptoms reported and 
severity were greater than baseline levels as well. The highest reported symptoms at the 
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end of the game were feeling slowed down, fatigue or low energy, drowsiness, and 
pressure in head. It is imperative to understand the prevalence of these reported 
symptoms throughout the various fatigued states, and more importantly at baseline. 
Current practices state that any presentation of a concussive symptom, even without a 
mechanism of injury is enough for removal of the athlete from activity.2,4 This 
recommendation would suggest that several of these participants should not have been 
able to participate in the game or should have been removed from the game at some 
point. An AT was present at each testing session to evaluate any possible injuries 
including concussion, and was to remove the participant if warranted. No subjects were 
removed from the study.  
Exertion level did not appear to have a negative affect on tandem gait. Instead 
tandem gait time actually decreased over time and fatigue levels. Time decreased more 
significantly during Test Session 1 rather than in Test Session 2. For example the female 
tandem gait mean for baseline was 10.05 seconds and decreased to 7.84 seconds by the 
end of the game. As the times got better over time a learning curve may have occurred, 
which can be further noticed when the starting tandem gait time in Test Session 2 was 
significantly faster than the first session.  
Along with the tandem gait score, the SAC scores were also not negatively 
affected by fatigue. For the majority of the sessions, SAC score increased or remained the 
same across the session except for the males during Test Session 1. The last outcome 
measure, the BESS, there was no apparent pattern to the increase or decrease in score 
over time, which can be seen further in its low reliability.  
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This research study also addressed the reliability of concussion assessments 
across varied fatigue levels. The analysis determined that the reliability of concussion 
sideline assessments had variability from low to high reliability. SAC, BESS, and SSS 
had low to moderate reliability across games, while TG had moderate to high reliability. 
The tandem gait reliability was similar to that which was found in a study conducted by 
Schneiders et al. (ICC=.98)53. Current research suggests that the BESS should wait to be 
administered for at least 13 minutes after activity39. Each of these testing sessions were 
completed within 15 minutes of activity completion. During the study BESS showed a 
varied reliability across games with a low reliability of ICC2,1=.010 and high reliability of 
ICC2,1=.74. However, within sessions it proved to have a moderate (ICC2,1=.602) to high 
reliability (ICC2,1=.711).   
The SAC showed low to moderate reliability across the sessions, implying that 
there are variations of SAC scores throughout testing. However, in a previous study SAC 
was proven to not have a learning curve, showing that the scores stayed similar to the 
baseline assessment through several testing sessions.34 Lastly, SSS was an important 
outcome, as Test Session 1 had moderate (ICC2,1=.67) to high (ICC2,1=.72) reliability, 
while Test Session 2 was highly reliable with ICC levels above .89. Across games SAC 
had a low (ICC2,1=.235) to moderate (ICC2,1=.514) reliability. Reliability across the 
various assessments suggests that at minimum the SAC, BESS and SSS should be 
assessed with some level of exertion. In the case of basketball it would be recommended 
that these assessments be performed when approximately 20 minutes of basketball related 
activity has been completed.  
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Limitations and Future Studies 
 This study is not without limitation. The findings are only generalizable to those 
in the sample’s physical activity range. In addition, basketball was the only activity 
included and results from other types of activities with different exertional requirements 
may produce different results. Future work should examine the effects of exertion levels 
in different activities and should include, where feasible, true heartrate measurements. 
Conclusions 
This research study highlights there is variability in the assessment results when 
exertion is induced. This is important information, as this suggests the variability of 
outcome of assessments when different levels of fatigue are implemented. Exertion has 
an obvious impact on the results of concussion sideline assessments. Tandem gait 
however had the least variability, showing to have the highest reliability of all the 
outcome measures. This information can change the way in which concussion baseline 
assessments are administered. Due to the varied reliability levels the results of this study 
would suggest that the baseline assessment be administered with some level of exertion, 








ADDITIONAL RESULTS & DISCUSSION 
 
Other Results  
 The proposed measures not included in the manuscript include models using RPE. 
As described we utilized pulse rate only in the manuscript models due to its greater 
objectivity and the high correlation with RPE.  However, RPE was taken at each testing 
point. RPE was taken to observe a subjective level of exertion. Each participant rated 
RPE individually, at all three testing points per session. RPE was evaluated on a scale of 
0 to 10 using the Borg Scale method (0=nothing, 10= very, very strong). A mixed linear 
regression model was used to analyze dependent outcomes.  
Descriptive data for RPE can be seen below in Table 17. Significant main effects 
of sex and RPE were present for tandem gait. For every 1-point increase in RPE tandem 
gait time would decrease (improve) by 0.17 seconds (t150=-3.03, p= .0029). Females have 
generally slower (higher) tandem gait time than males by 1.26 second (t34=2.47, p= 
.0089). No interaction effects were significant for tandem gait. For symptom severity 
total score, there was a significant main effect of fatigue. For every 1-point increase in 
RPE the SSS will increased (worsen) by .6931 (t151=3.31, p=.0012). The main effect of 
sex approached significance, with females reporting high symptom scores then males 
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(β=3.3237, t34 = 2.01, p = .0521). There were no significant main or interaction effects 
noted for SAC and BESS outcomes. 
When evaluating the descriptive statistics below the range of RPE should be 
noted. Baseline scores were reported as expected with values representative of “nothing 
at all” to “weak”. An obvious increase in reported RPEs are seen at half-time and end of 
competition compared to baseline scores. However, when looking at the difference 
between half-time and end of competition there is not a significant difference noted. Our 
hypotheses suggested that with the accumulative effects of the exertion seen at end of 
competition compared to half-time, a greater RPE would be reported at end of 
competition. The numbers show minor increases of less than 1 between half-time and end 
of competition. While these numbers show that the subjects’ activity level was increased 
from baseline, the results may not be indicative of a true basketball game. This may 
however be more indicative of basketball practices, where the athlete’s exertion is 
increased from baseline.  We should recognize this activity might not have caused the 
subjects to reach the level indicative of a true game.  
Table 17. RPE Means and Standard Deviations at All Time Points 
Outcomes 
 Session 1 Session 2 
 Pre Half End Pre  Half End 

























Discussion of Findings Relative to Study Hypotheses 
Research Hypothesis 1: Higher perceived exertion scores at half-time and end of 
competition will be associated negative (worse) SCAT-3 scores (symptom severity score, 
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SAC, BESS, tandem gait). As a person’s level of perceived exertion increases, there will 
be an affect that increases the scores for symptoms and the BESS, and decreases the SAC 
total score. There will be a difference between half-time and end of competition scores 
due to the increased amount of physical activity the participant has completed by the 
completion of 40-minute game, compared to the 20-minutes completed at the half-time 
measurement.   
Our findings do not fully support our original hypothesis. There was not a 
consistent worsening of scores from half-time to the end of the game. The results showed 
inconsistency, potentially due to the small amount of subjects used. SAC scores increased 
(better) or remained the same across the sessions except for the males during Test Session 
1. Tandem gait instead showed to have the opposite of the predicted results, bettering it’s 
time by decreasing from baseline to end of the game significantly. Symptom severity 
score decreased for males and females from half-time to end of the game during their first 
testing session, but increased over their second testing session. BESS scores were truly 
inconsistent.  
Research Hypothesis 2: There will be a difference in reliability of SCAT-3 sub-
test scores between baseline, half-time and end of competition measurements in 
recreationally active collegiate aged athletes. The reliability across baseline assessments 
will be higher when compared to half-time and end of competition. Different levels of 
self-perceived exertion will be associated with a change in subtest scores. As rate of self-
perceived exertion increases scores will have a negative association (worsen).  
Our findings do not support our second hypothesis. Reliability scores ranged from 
moderate (ICC2,1 = .51) to high (ICC2,1 = .96)  reliability when compared from half-time 
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to the end of the game. Pre-game to end of game showed more areas of decreased 
reliability in all outcome measures, but was seen in both sessions in the SAC, and tandem 
gait outcomes.  
Conclusions 
 This study aimed to understand the effect of varied exertion levels on concussion 
sideline assessments and the reliability of these assessments across these exertion states. 
The SCAT-3 was administered following various levels of exertion. SAC performance 
improved or remained over time, and had low to moderate reliability. The BESS had no 
obvious pattern of change over the testing sessions. The BESS had varied reliability 
within each session and showed low to moderate reliability measures across sessions. It 
has been suggested in previous studies of the unreliability of BESS right after activity, 
which was further observed in this study.  
The symptom severity score for the majority increased throughout games, except 
for Test Session 1 female scores. Within sessions, symptom severity score had a 
moderate to high level of reliability, but low to moderate reliability across the sessions. 
The tandem gait assessment was shown to be the assessment with the highest reliability 
within the testing sessions and across testing sessions. Tandem gait time also decreased 
over time. The completion of tandem gait also appears to be the assessment that requires 
the least amount of time to complete. 
 After conducting this study it can be suggested that the SCAT-3 baseline 
assessments can be administered with an exertion level that is representative of at least a 
half of the sport competition/activity in which athletes are participating. Also, tandem 
gait should be used more widely in clinical concussion assessment and diagnosis.  
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